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IMODIFICATIONS

All modifications to the Funding Opportunity Announcement (FOA) are highlighted in yellow in
the body of the FOA.

Mod. No. Date Description of Modifications

001 04/28/2011 | e Deleted the phrase “with no more than 26 lines per page” from Section IV.B, third
bullet, to clarify that Concept Papers should be single-spaced, not double-spaced.

e Add the phrase “but less than 100%” in the Executive Summary under “Cost Share
Requirement” and Section 111.B.3, third bullet, to clarify that the minimum cost share
requirement is 10% for Project Teams where domestic educational institutions,
domestic nonprofits, and/or FFRDCs perform = 80% but less than 100% of the work
under the funding agreement, as measured by the Total Project Cost.

002 06/14/2011 | ¢ ARPA-E has revised the following sections of the FOA to provide guidance on
required application forms, the content and form of Full Applications and Replies to
Reviewer Comments, and the timely submission of applications: Sections IV.A, IV.C,
IV.D, and IV.E and Appendix 2. In addition, ARPA-E has clarified its guidance on
compliance criteria, evaluation criteria and program policy factors, Technology
Transfer and Outreach expenditures, Commercialization Plans, award notifications,
pre-selection communications, anticipated selection and award dates, and other
topics in Sections lll.A, 1II.C.1, IV.G.8, IV.H.1, V.A.2,V.A.3,V.B.1, V.B.2, V.C., VI.A.3,
and VI.B.6. ARPA-E also added a definition to its glossary in Section IX of the FOA.

003 06/27/2011 | ¢ Narrowed the “Other Sources of Funding” requirement in Sections IV.C.1 and VI.B.9
of the FOA to focus on individuals (Principal Investigators, Co-Pls, and Key
Participants) participating in the proposed project. Clarified disclosure requirements
for Applicants selected for award negotiations.

Questions about this FOA? Email ARPA-E-CO@hgq.doe.gov (with FOA name and number in subject line); see FOA Sec. VII.A.
Problems with ARPA-E eXCHANGE? Email ExchangeHelp@hqg.doe.qov (with FOA name and number in subject line).
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EXECUTIVE SUMMARY

Federal Agency Advanced Research Projects Agency — Energy (ARPA-E), U.S. Department of Energy

FOA Title High Energy Advanced Thermal Storage (HEATS)
FOA Type Initial announcement for a new technology development program.
FOA Number DE-FOA-0000471

CFDA Number 81.135

FOA Issue Date: April 20, 2011

Modification June 27, 2011
Issue Date:

First Deadline for | 5 PM ET, May 16, 2011
Questions to
ARPA-E-
CO@hg.doe.gov:

Submission 5 PM ET, May 19, 2011
Deadline for
Concept Papers:

Expected Date of | 5 PM ET, June 16, 2011
Concept Paper
Feedback
Notification:

Second Deadline | 5 PM ET, July 14,2011
for Questions to
ARPA-E-

CO@hg.doe.gov:

Submission 5 PM ET, July 18, 2011
Deadline for Full
Applications:

Submission 5 PM ET, August 25, 2011
Deadline for
Replies to
Reviewer
Comments:

Expected Date September 2011
for Selection
Notifications:

Expected Date November 2011

for Awards:
Means of All submissions must be submitted to ARPA-E’s online application portal, ARPA-E eXCHANGE
Submission (https://arpa-e-foa.energy.gov/login.aspx) before the submission deadline. Submissions

received through other means will not be reviewed or considered. ARPA-E strongly encourages
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Applicants to submit their Full Applications and Replies to Reviewer Comments at least 24
hours in advance of the submission deadline as noted in Section IV.E.

Concise Program
Description

More than 90% of energy technologies involve the transport and conversion of thermal
energy. Therefore, advancements in thermal energy storage — both hot and cold — would
dramatically improve performance for a variety of critical energy applications. ARPA-E seeks
to develop revolutionary cost-effective thermal energy storage technologies in three focus
areas: 1) high temperature storage systems to deliver solar electricity more efficiently around
the clock and allow nuclear and fossil baseload resources the flexibility to meet peak demand,
2) fuel produced from the sun’s heat, and 3) HVAC systems that use thermal storage to
dramatically improve the driving range of electric vehicles.

Total Amount to

Approximately S30 million is expected to be available for new awards under this FOA.

Be Awarded
Anticipated ARPA-E may issue one, multiple, or no awards under this FOA. Awards may vary between
Awards $250,000 and $10 million.

Types of Funding

Cooperative Agreements, Technology Investment Agreements, Work Authorizations issued to

Foreign Entities

Agreements DOE/NNSA Federally Funded Research and Development Centers (FFRDCs) through the
DOE/NNSA Field Work Proposal system for work performed under Department of Energy
Management & Operation Contracts, and Interagency Agreements for work performed by
Non-DOE/NNSA FFRDCs and U.S. Government-Owned Government-Operated laboratories
(GOGOs). ARPA-E generally does not fund projects through Grants.
Period of Expected up to 36 months
Performance
Eligibility — Educational institutions, nonprofits’, and for-profit May apply as Standalone
Domestic entities Applicant, as lead organization for
Entities a Project Team, or as member of a
Project Team
FFRDCs, including DOE/NNSA FFRDCs May apply as lead organization for
a Project Team or as member of a
Project Team
DOE/NNSA Government-Owned Government-Operated Not eligible to apply for funding
laboratories (GOGOs)
Non-DOE/NNSA GOGOs May apply as member of a Project
Team
State and local government entities May apply as member of a Project
Team
Eligibility — May apply as Standalone Applicant, lead organization for a Project Team, or as member of a

Project Team. However, all work by foreign entities must be performed by subsidiaries or
affiliates incorporated or otherwise headquartered in the United States.

1 Nonprofit organizations described in section 501(c)(4) of the Internal Revenue Code of 1986 that engaged in
lobbying activities after December 31, 1995 are not eligible to apply for funding as a Prime Recipient or

Subrecipient..
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Requirement

Eligibilty — Consortium entities, which may include domestic and foreign entities, must designate one

Consortium member of the consortium as the consortium representative to the Project Team. The

Entities consortium representative must be incorporated or otherwise headquartered in the United
States. The eligibility of the consortium will be determined by reference to the eligibility of the
consortium representative under Section Ill.A of the FOA.

Cost Share Domestic educational institution or domestic nonprofit | Greater than or Equal to (=) 5% of

applying as a Standalone Applicant the Total Project Cost

Project Teams composed exclusively of domestic > 5% of the Total Project Cost
educational institutions, domestic nonprofits, and/or

FFRDCs

Project Teams where domestic educational institutions, | =10% of the Total Project Cost
domestic nonprofits, and/or FFRDCs perform = 80%, but
less than 100%, of the work under the funding
agreement, as measured by the Total Project Cost

Technology Investment Agreements and “other > 50% of the Total Project Cost
transactions” agreements

All other projects > 20% of the Total Project Cost

Number of Applicants may submit more than one application to this FOA, provided that each application
Applications is scientifically distinct.
Agency Contact Applicants may contact ARPA-E through the following email addresses:
e ARPA-E-CO@hqg.doe.gov for questions regarding this FOA. Insert FOA title and number in
subject line of emails.
o ExchangeHelp@hg.doe.gov for questions regarding ARPA-E eXCHANGE. Insert FOA title
and number in subject line of emails.
See Section VII.A of the FOA for guidance on submitting questions to ARPA-E. ARPA-E will not
accept or respond to communications received by other means (e.g., telephone calls, faxes).
Emails sent to other email addresses will be disregarded.
Application Required forms for Full Applications (SF-424, SF-424A, Budget Justification Workbook, and
Forms Environmental Impact Questionnaire) are available at https://arpa-e-foa.energy.gov.
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I.  FUNDING OPPORTUNITY DESCRIPTION

A. AGENCY OVERVIEW

The Advanced Research Projects Agency — Energy (ARPA-E) is an agency within the Department
of Energy (DOE) that has funded the development and deployment of transformational and
disruptive energy technologies and systems since 2009.? ARPA-E focuses on high-risk concepts
with potentially high rewards.

When it established ARPA-E, Congress directed ARPA-E to:

e Enhance the economic and energy security of the United States through the
development of energy technologies that result in reductions of imports of energy
from foreign sources, reductions of energy-related emissions, and improvements in
the energy efficiency of all economic sectors; and

e Ensure that the United States maintains a technological lead in developing and
deploying advanced energy technologies.

Pursuant to its statute, ARPA-E seeks to accomplish its mission by identifying and promoting
revolutionary advances in fundamental sciences, by translating scientific discoveries and
cutting-edge inventions into technological innovations, and by accelerating transformational
technological advances in areas that industry by itself is not likely to support because of
technical and financial uncertainty.

ARPA-E is fundamentally different from other Government research, development, and
demonstration (RD&D) programs and organizations. ARPA-E does not fund basic research
aimed at discovery, incremental improvements to existing technologies, or the
commercialization of proven technologies. ARPA-E does not itself engage in RD&D, and does
not own or manage any laboratories.

ARPA-E sponsors outside entities to perform RD&D that is both transformational and
disruptive. ARPA-E aims to establish new directions for energy research and technology

? Transformational change moves technology to new learning curves, but it does not necessarily have a disruptive
transformation on the market — for example, it could be too expensive. A disruptive change occurs when price
drives adoption to a new product. At its inception, the automobile was transformative with respect to the horse-
and-buggy market, but the automobile was not disruptive because it was too expensive. By contrast, the Model T
was disruptive to the horse-and-buggy market because it was affordable.

Questions about this FOA? Email ARPA-E-CO@hgq.doe.gov (with FOA name and number in subject line); see FOA Sec. VII.A.
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development and new paradigms for how energy is produced, transmitted, used, and stored.
ARPA-E projects and programs are characterized by a clear view of a desired outcome, an
understanding of the intervening barriers, and innovative pathways toward a new future.
These projects and programs have the potential to radically change our understanding of
important energy-related concepts or lead to the creation of new energy-related fields. They
often depend on technical approaches that are novel, emergent, integrative, and enabling.

ARPA-E strongly encourages outstanding scientists and engineers from different organizations
and countries and different scientific disciplines and technology sectors to form new teams.
Interdisciplinary and cross-sectoral collaboration spanning organizational and national
boundaries enables and accelerates the achievement of scientific and technological outcomes
that were previously viewed as extremely difficult, if not impossible.

ARPA-E does not replace or duplicate private investment in emerging technologies. Instead,
ARPA-E enables transformational energy technologies that have high technical and market risk
to bridge the so-called “valley of death,” where little or no public or private funding is available.
The spectrum of technology research activities, from basic research to full system validation, is
defined within a framework of nine “technology readiness levels” (TRLs). ARPA-E operates
mainly within the “valley of death” between TRL-3 and TRL-7.3

Each ARPA-E project is expected to overcome key technical barriers currently preventing
industrial adoption of the transformational technology, but not to carry the taxpayer
investment beyond the point where industry and investors should shoulder the remaining
technical and market risks.

The first step in applying for funding under the FOA is the submission of a short Concept Paper,
which describes the essence and novelty of the proposed technology and its ability to meet or
exceed the Primary Technical Targets and Secondary Technical Targets in Section |.B.4 of the
FOA. The next step is the submission of a Full Application, which provides detailed information
on the proposed project, including, among other items, an in-depth discussion of various
aspects of the proposed project, a detailed budget, an environmental impact questionnaire,
and a publically releasable summary of the project. Finally, Applicants have a brief opportunity
to review written comments on their Full Application and prepare a short Reply to Reviewer
Comments. Please refer to Section V.B.2 of the FOA for additional guidance on the merit
review and selection process.

* Please refer to Appendix 1 for ARPA-E’s Technical Readiness Level Scale.
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B. PROGRAM OVERVIEW

1. BACKGROUND

Thermal energy transport and conversion play a very significant role in more than 90% of
energy technologies. More than 60% of all primary energy consumption in the United States is
currently wasted in the form of thermal energy. Thermal energy storage can significantly
enable reuse of wasted energy and enhance the efficiency of energy delivery and consumption.
Thermal storage - both hot and cold - can be employed for a variety of critical energy
applications. This ARPA-E Funding Opportunity aims to support the development of novel,
advanced thermal energy storage technologies to enable the following transformative energy
solutions:

e Next generation non-intermittent and cost-competitive solar thermal power plants.

e Advanced nuclear power plants which can supply peaking power capability on the
grid

e Production of fuel using thermochemical reactions to store solar energy in chemical
form

e Novel Electric Vehicle HVAC systems with dramatic improvements in driving range.

Potential New Materials and Systems for Thermal Storage Innovations

ARPA-E is interested in all forms of thermal storage such as sensible heating, phase change,
super-critical systems and thermochemical storage. With significant advancements in new
materials in the past such as metal-organic-frameworks (MOFs)*, ionic liquids>, catalyzed
decomposition reactions, high temperature composites and system design, it may be possible
to develop highly efficient high temperature thermal storage system.

ARPA-E has significant interest in advancing the state of the art in thermophysical thermal
storage technology. There have been significant advances in the field of material science with
impacts on applications ranging from carbon capture® to high temperature rocket engines’.
Some of these advances may be applied to thermal energy storage either in the direct

‘o. Yaghi et al. Science, 2008, 319, 939-943

> J. Brennecke et al. J. Am. Chem. Soc., 2010, 132, 2116-2117

®). Anthony et al., Int. Journal of Environmental Technology and Management, 2004, 4, 105 - 115
’D. Marshall, and Brian Cox, Annual Rev. of Materials Research, 2008, 38, 425- 443
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thermophysical storage material or in the balance of systems. Examples include new
developments in the properties of ionic liquids or molten salts, which can be designed to be
used as high energy density thermal storage material for both sensible or phase change
storageg. Nanotechnology can also potentially enable advanced thermal energy storage. For
example some recent results suggest that mixing nanoparticles in liquids can anomalously
enhance specific heat’. Alternative thermal storage mechanisms also merit renewed
exploration with recent materials advances. For instance, adsorption/absorption based thermal
storage may benefit from developments in ionic liquids, new sobents and MOFs, whose binding
energy with a gas can be tuned based on recent advances in synthetic chemistry. Beyond the
active thermal storage medium, recent developments may present an opportunity for relaxed
constraints in system design. Supercritical fluidic system have the potential to be cheap storage
materials due to their higher energy density, but the pressure vessel required for the
supercritical system represents a significant added cost. Advancement in cheaper materials to
be used as pressure vessels may thus enable supercritical thermophysical systems. Finally, cost
effective thermal storage can also be enabled by better system design, for instance by
eliminating heat exchangers between the storage medium and charging systems.

ARPA-E also has significant interest in developing insulation free thermal storage which can be
enabled by thermochemical storage. Although there have been some investigations in the
literature on thermochemical systems, several issues have limited the technological
applications. The potential benefits of these thermochemical storage technologies include the
ability to store heat for a variable, controllable period of time and to control the rate of
charging or discharging reactions using catalysts. Some thermochemical storage systems have
been proposed in the past using endothermic decomposition reactions such as'® CaCO; <=>
Ca0 + CO,. However, the volumetric energy densities of these thermochemical storage systems
are low because at least one component in the reaction, in this case CO,, is a gaseous state. The
energy density of these systems can be increased by storing the gases at a higher density using
new materials such as ionic liquids of metal-organic-frameworks (MOFs). Additionally, to
maintain an acceptable energy density per unit mass (MJ/kg), the storage materials must have
a moderate molecular weight.

Alternatively, the energy density of thermochemical storage systems can be increased by using
reactions of the form AB<=>A+B that are exclusively in the condensed phase. Like the storage
technologies discussed above, the molecular weight of these components should be low

8B. Wu et al, Proceedings of Solar Forum 2001, Solar Energy: The Power to Choose, April 21-25, 2001, Washington,
DC

°D. Shin and D. Banerjee, J. of Heat Transfer, 2011, 133, 24501

1% G. Ervin, Journal of Solid State Chemistry, 1977, 22, 51-61
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enough to maintain an acceptable energy density per unit mass. Some reactions that could be
used to meet these metrics include organic reverse Diels-Alder'!/sigmatropic*?,
disproportionation13 and depolymerization™* reactions. These are common reactions in
synthetic organic chemistry, but have never been applied to thermal storage technologies. For
any of these reactions, and others, energy costs associated with separating the two product
components (A and B) must be accounted for. Additionally, there is interest in developing
catalysts that can be used to control the rate of the charging and discharging thermal storage
reactions.

Thermal Storage for next-generation non-intermittent and cost-competitive solar thermal
power plants

Thermal energy storage (TES) can significantly increase the capacity factor of concentrated solar
thermal power plants, from ~30% to greater than 60% which in turn can reduce the levelized
cost of electricity (LCOE) produced. The concentrated solar power (CSP) program in DOE’s EERE
program has significantly advanced the technology of thermal storage for CSP by funding
multiple programs on a variety of materials and systems, most notably molten salts. These
programs have established a critical base of knowledge and significantly increased the
understanding of solar thermal storage; but, nearly all work to date has focused on storage
compatible with traditional parabolic trough systems, which operate at temperatures less than
500 °C. The Sunshot program that leverages the technical expertise across DOE has now
established an aggressive target LCOE for solar-based electricity of 5-6 cents/kWh by 2017 so
that solar electricity can scale without subsidies, while making US globally competitive. It is
increasingly clear that traditional parabolic trough systems will struggle to reach these
aggressive targets due to efficiency limits at low temperatures. As such, a new generation of
solar thermal technologies is in development, providing higher efficiency by greater
concentration and higher operating temperatures. To accommodate this next generation of
technology, and achieve the goal of low cost, dispatchable solar energy, there is a strong need
for novel thermal storage solutions operating at much higher temperatures than previously
investigated.

"'H. Kwart et al. Chem. Rev., 1968, 68 (4), pp 415—447

2 Hoffmann R. Acc. Chem. Res., 1968, 1 (1), pp 17-22
 swain et al., J.Am Chem. Soc., 1979, 101,3576-3583
*buda and Penczek, Macromolecules 1990, 23, 1636-1639
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Thermal Storage for advanced nuclear power plants that can supply peaking power capability
on the grid

Existing nuclear power plants operate free of greenhouse gas emissions, but are used
exclusively for providing base load power. In contrast, peaking plants, primarily based on fossil
fuels, are responsible for significant CO, emissions due to their poor efficiency. As sources of
clean electricity generation (based on various technologies such as solar, wind, hydro, and
nuclear) become more prevalent, there is a strong need for emission-free on-demand peaking
capability to ensure a clean, efficient, and secure power grid. Thermal storage can enable the
use of nuclear power plants for providing peaking power by storing part of the thermal energy
from the nuclear reactor to subsequently run a thermodynamic cycle, such as the Brayton cycle,
for power generation. While current generation light water nuclear reactors work at
temperatures less than 300 °C, Gen IV advanced reactors’ are being planned for temperatures
higher than 700 °C. Given similar output temperatures, there are significant synergies in
developing high temperature thermal storage for enhanced dispatchability of both CSP and
nuclear power. The nuclear industry is exploring various power generation technology such as
those based on He and supercritical CO, cycles'® for high temperature generation. If CSP is
pushed to high temperatures the power generation technologies being developed for nuclear
industry can also be used for CSP. Some discussions on this already exist in the literature®’.

Production of fuel using thermochemical reactions that store solar energy in chemical form

Production of fuel from sunlight is also a form of energy storage. In this case, thermal energy is
stored in the form of chemical bonds. ARPA-E, other parts of DOE and other Federal funding
agencies have significantly funded research and development of a wide range of methods for
producing fuel from sunlight including traditional approaches to biofuel and biomass
production and the direct fuel production by chemical and biological catalysts*®. On the other
hand thermochemical production of fuel from sunlight, where solar energy is used to produce
heat to break chemical bonds, has not been investigated to the same extent. The theoretical
efficiency of thermochemical production of fuel from sunlight is very high and limited primarily
by the collector efficiencylg. Recent reports™ suggest that due to significant improvement in a

C.Ohetal, Development of a Supercritical Carbon Dioxide Brayton Cycle: Improving PBR Efficiency and Testing
Material Compatibility Project Number: 02-190Nuclear Energy Research Initiative

for October 2004 to September 2004, Idaho National Lab, INEEL/EXT-04-02437

ey, Dostal, M.J. Driscoll, P. Hejzlar, A Supercritical Carbon Dioxide Cycle for Next Generation Nuclear Reactors,
MIT-ANP-TR-100, March 10, 2004

. Turchi, Proceedings of SCCO2 Power Cycle Symposium 2009, RPI, Troy, NY, April 29-30, 2009

'8 http://www.science.doe.gov/bes/Hubs/JCAP Tech Summary.pdf

¥ T. Kodama and N. Gokon, Chemical Review, 2007, 107, 4048 - 4077
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two-step solid-state catalytic process it’s possible to generate syngas by thermolysis of CO, and
H,0 with high efficiency. The efficiency of this process can be further increased by improved
reactor design and heat harvesting and recycling. This discovery and other recent
developments suggest that there is a renewed opportunity to develop high efficiency
thermochemical routes to solar fuels. Moreover, because thermolysis requires very high
temperatures, the development of high temperature thermal storage systems can benefit from
the significant synergies between thermochemical production of fuel and thermoelectrical
systems for production of electricity.

Thermal Storage for novel Electric Vehicle HVAC systems with dramatic improvements in
driving range

While the above applications relate to large scale, high temperature thermal energy storage
systems, there is separately a strong need for advances in modular, high energy density thermal
energy storage. Such systems could have a dramatic impact in next-generation HVAC (Heating
Ventilation Air Conditioning) systems for plug in hybrid electric vehicles (PHEV) and electric
vehicles (EV). In today’s electric vehicles both cabin cooling and heating loads must be provided
by the electrical energy stored in a battery whose capacity determines the range of the vehicle.
These cabin HVAC loads can be significant relative to the powertrain load, and in some cases
can cause reduction in EV range by as much as 40%%°. An advanced Thermal Energy Storage
system that provides heating and cooling to the vehicle cabin can reduce or eliminate the
added load on the electrical storage system, and thereby significantly increase the range of next
generation EVs with little or no added cost or packaging. The TES solution will ideally be a
single system that can provide both cooling and heating at minimal cost, weight and volume
when compared with the vapor compression based air conditioners and resistive heaters
currently in use. If successfully developed modular thermal-storage based HVAC systems
could have a broad energy impact beyond the automotive sector. For instance, coupled to
combined heat and power systems or as a novel solution for distributed, location-specific
building HVAC that can rely on off-peak power while delivering heating and cooling during peak
hours.

2R, Barnitt, A. Brooker, L. Ramroth, J. Rugh, and K. Smith, “Analysis of Off-Board Powered Thermal
Preconditioning in Electric Drive Vehicles,” Presented at the 25th World Battery, Hybrid and Fuel Cell Electric
Vehicle Symposium & Exhibition Shenzhen, China November 5—9, 2010, NREL/CP-5400-49252 ,December 2010
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Charging

Storage medium

Discharging

Figure 1: A schematic demonstrating the charging and discharging of thermal storage system.
Note that this is for illustration purposes only. Other embodiments of thermal storage are also
possible and the general Eq. (2) should be used for other embodiments to evaluate the exergetic
efficiency. It is expected that applicants will provide the right equation based on Eq. (2) for their
specific idea. In this figure T denotes the temperature, i, 0, ¢, and d in the subscript denote inlet,
outlet, charging and discharging respectively, sl and sh in the subscript denote lower and higher
temperature of the storage media respectively.

An ideal team for addressing this area of interest would comprise of materials, chemical,
thermal, and/or mechanical engineers/scientists as well as individuals or organizations with
expert knowledge of CSP or Nuclear power plant design and operation. It's important that the
team should have expertise in every aspect of the system including a solid understanding of CSP
and/or nuclear systems.

The technology target specification for this area of interest is given in Section I.B.4 a and b.
Proposed technology development plans must have well justified, realistic potential to meet or
exceed the stated “Primary Technology Target Specification” by the end of the period of
performance of the proposed project in order to be considered for award. Proposed
technologies will secondarily be evaluated against their well-justified, realistic potential to
approach the “Secondary Technology Target Specification” by the end of the period of
performance of the proposed project. Proposed technologies will still be considered for award
if they fall short of one or more of the Secondary Technical Targets below, but will be evaluated
and compared to one another according to their strengths and weaknesses in addressing these
targets. For purpose of target evaluation, the storage system is intended to describe the full
system i.e. it includes all components such as charging and discharging devices, pumps, storage
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system of an Electric Vehicle is the need to serve cabin heating and cooling loads. To make
matters worse, today’s EVs generally use electric battery capacity for highly inefficient resistive
heating as opposed to internal-combustion vehicles, which simply route waste engine heat to
the cabin. In general, Cabin Climate conditioning can significantly reduce the electric range of
plug-in and full Electric Vehicles, by as much as 40% in extreme cases’’, or inversely can
increase the battery size and cost by a comparable amount for the same range.

Significant reduction in size/cost of EV batteries or significant increase in driving range can be
enabled by eliminating the need for cabin climate load to draw on the electrical battery system.
ARPA-E has significant interest in developing thermal battery technology that can provide both
cooling and heating to the vehicle cabin, freeing critical electrical battery capacity for driving
loads. Today’s thermal storage solutions are already lower cost than electrical energy storage
systems, at comparable energy densities. If the design and energy density of thermal battery
systems can be improved, then an ancillary thermal battery could supply cabin climate loads
without introducing significant additional space or volume to the vehicle. In today’s vehicles,
heating and cooling systems must be sized to meet peak demand while most normal operation
is to serve a much lower steady state load. In the ideal case, the space occupied by thermal
battery for partial heating and cooling would be equivalent to the total space saved by
downsizing or eliminating the existing vapor compression cooling system and the existing
heating system in PHEVs and EVs. In that case, cost effective climate control can be achieved
with no tradeoff in vehicle design performance. In the typical use case, such a thermal battery
would simply be charged upon plug-in, in tandem with the electrical battery being charged.

Most vehicles will require some level of heating/cooling capabilities once the thermal battery is
depleted. As such, we envision hybrid HVAC solutions in which a thermal battery can deliver
some portion of the peak cooling/heating power, but a minimal level of active HVAC is available
on demand from the electrical battery. Various hybrid systems are possible. For example,
intelligent systems can be designed where in case of emergency the on-board charging system
for the thermal battery can be directly used for cooling/heating by deriving energy from the
electrical battery. Figure 2 shows one particular embodiment of this concept however
applicants are highly encouraged to provide other system designs and concepts. Furthermore,
this system can also provide thermal management of the electrical battery pack which is very
important for reliable operation of the electrical battery?.

Although preference will be given to systems that can provide both heating and cooling, new
concepts that represent significant energy density advances in either cold or hot storage
materials will be also entertained. It is expected that the proposed solution will be a self-
contained system which includes both on-board charging and discharging devices for the
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thermal battery as well as mechanism for deploying the thermal energy (e.g. fans, etc.). ARPA-E
seeks highly innovative applications in this area.

The technology target specification for this area of interest is given in Section 1.B.4 d and e.
Proposed technology development plans must have well justified, realistic potential to meet or
exceed the stated “Primary Technology Target Specification” by the end of the period of
performance of the proposed project in order to be considered for award. Proposed
technologies will secondarily be evaluated against their well-justified, realistic potential to
approach the “Secondary Technology Target Specification” by the end of the period of
performance of the proposed project. Proposed technologies will still be considered for award
if they fall short of one or more of the Secondary Technical Targets below, but will be evaluated
and compared to one another according to their ability to address these targets. For purpose
of target evaluation, the storage system is intended to describe the full system i.e. it includes all
components such as charging and discharging devices, pumps, storage container, insulation,
and storage material.